OBJECTIVES: Distal anastomotic new entry (DANE) is considered to be one of the causes of patent false lumen (PFL) after acute type I aortic dissection repair. However, there have been few articles with regard to this important issue. We assessed the influence of PFL caused by DANE on long-term outcomes.
INTRODUCTION
Residual patent false lumen (PFL) after acute type I aortic dissection repair has been reported as a risk factor for distal aortic enlargement and poor long-term outcomes [1] [2] [3] [4] . Recently, significant developments in diagnostic accuracy with enhanced computed tomography (CT) have contributed to identifying the causes of PFL after type I aortic dissection repair. The primary causes of PFL after acute type I aortic dissection repair include non-resected tear, re-entry of distal aorta and distal anastomotic new entry (DANE) (Supplementary Material, Fig. S1 ). We speculate that DANE is one of the most important causes of PFL, but there are few reports to date.
The aim of this study was to analyse the effect of PFL caused by DANE after acute type I aortic dissection repair.
PATIENTS AND METHODS

Patients
Between January 2007 and June 2012, 122 consecutive patients underwent surgery for acute type A aortic dissection by 4 surgeons (K.T., A.H., T.T. and H.Y.) at the Sakakibara Heart Institute of Okayama. For all patients, urgent surgery was performed within 14 days after onset, and 115 patients (94%) underwent emergency surgery within 48 h after admission. In-hospital mortality was 8% (10 patients). Of the 112 survivors, 12 patients with DeBakey type II dissection or intramural haematoma and 7 patients receiving only non-contrast CT because of renal insufficiency or allergy to contrast medium were excluded from this study. The remaining 93 patients were enrolled and divided into 3 groups, based on the status of the residual FL: those with a PFL with DANE (19 patients, mean age = 62 years), those with a PFL without DANE (27 patients, mean age = 60 years) and those with a totally thrombosed FL (47 patients, mean age = 72 years). If contrast medium was found anywhere in the distal aortic lesions, the FL was considered patent. Thus, the patent group included patients with a partially thrombosed FL in the distal aorta. DANE was diagnosed on condition that continuity between the anastomosis site and the FL was demonstrated using a 64-slice enhanced CT. This study was approved by the local ethics committee of our institute. All patients or their family signed an informed consent.
Computed tomography protocol
The CT images were acquired using a 64-slice multi-slice CT. We used 80 ml of contrast medium followed by flushing with 20 ml saline at a flow rate of 3-3.4 ml/s. Images were acquired from the mandibular level to the level of acetabular roof at 5 mm intervals. The arterial phase was scanned at 5 s after the signal density level in the ascending aorta reached the predefined threshold of 150 Hounsfield units. The delayed phase was acquired within 60-70 s after commencement of contrast medium.
Operative techniques
All patients underwent median sternotomy under general anaesthesia. After systemic heparinization, cardiopulmonary bypass was established by double direct cannulations of the right axillary artery and femoral artery with bicaval drainage. In cases of preoperative haemodynamic collapse, only unilateral femoral artery cannulation was used to establish cardiopulmonary bypass (7 of 93, 8%). After bladder temperature dropped to 28 C, the ascending aorta was clamped. The aorta was transected and trimmed 10 mm distal to the sinotubular junction. The FL was closed with Bioglue (Cryolife Inc., Kennesaw, GA, USA). Teflon felt strips (Meadox Medical Inc., Oakland, NJ, USA) were applied to the proximal aorta in a sandwich-like fashion. When the bladder temperature reached 25 C, the ascending aorta was opened after stopping systemic perfusion. Selective antegrade cerebral perfusion was established by clamping the brachiocephalic artery and inserting balloon catheters into the left common carotid artery and left subclavian artery. In cases of single arterial perfusion through the unilateral femoral artery, the balloon catheter was also inserted into the brachiocephalic artery. If the entry site was located at the ascending aorta, replacement of the ascending aorta or hemiarch aorta was performed. If the entry site was located at the aortic arch, total aortic arch replacement was performed with a branched graft. After trimming the end of the aorta, the distal aortic stump was reinforced by 2 felt strips inside and outside of the distal aorta in a sandwich-like fashion, and these 2 strips were fixed by 4 U-stay sutures. When performing total arch replacement, a tube graft was put inside of the distal aorta as an elephant trunk instead of using felt strips. No glue materials were used for reinforcing the FL of the distal aortic stump. Distal anastomosis was performed with a continuous 4-0 polypropylene suture. When operating on younger patients with no serious preoperative complications, total arch replacement was chosen as a standard treatment of choice, regardless of the location of primary entry.
Follow-up
All patients were regularly followed up at our institute. A CT scan was performed in hospital within 7 days after surgery and planned for 3-6 months postoperatively, and annually thereafter. Clinical outcomes and survival information were obtained from our outpatient clinic through written or telephone contact with patients or their relatives. The dissection-related events of descending aorta were defined as aortic rupture or reoperation including thoracic endovascular aneurysm repair (TEVAR). The mean follow-up period was 57 ± 23 (13-111) months, and follow-up information was completely obtained from all the enrolled patients.
Segmental aortic growth rates
The segmental aortic growth rate was assessed in patients who had undergone no less than 2 CT scans postoperatively with no longer than a 12-month interval between them. For each patient, early postoperative and latest CT images were reviewed. Once an aortic segment had been subjected to reoperation or rupture, the patient was excluded from further assessment of segmental aortic growth rate. Analyses were performed at 3 different levels of the descending aorta: proximal descending aorta (at the level of Th5), distal descending aorta (at the level of Th11) and middle descending aorta (at the level of Th8). The segmental aortic growth rate was calculated as follows: differences in diameter between the early and the last measurements divided by the time interval between the 2 measurements.
Statistical analysis
Continuous data were presented as a mean ± standard deviation and were analysed using unpaired t-test or a Mann-Whitney test for independent data, as appropriate. Categorical variables were given as a count and percentage of patients and compared using v 2 test or Fisher's exact test. Risk factors for dissection-related event were assessed with a multivariable Cox proportional hazards model. Hazard ratios are reported with 95% confidence intervals. Actuarial survival and other time-related events were analysed with the Kaplan-Meier method. The log-rank test was used to compare the statistical significance level. P-values <0.05 were considered statistically significant. All data were analysed using the Statistical Analysis System software JMP 11.0 (SAS Institute Inc., Cary, NC, USA).
RESULTS
Patient characteristics
There were 47 men (51%) and 46 women (49%) with a mean age of 67 ± 16 years (ranging from 35 to 91 years). Those in the thrombosed FL group were significantly older than the other 2 groups (P = 0.003). A comparison of preoperative characteristics is provided in Table 1 .
Perioperative data
In total, hemiarch replacement was performed for 60% of patients (56 of 93) and total arch replacement with elephant trunk technique for 40% (37 of 93). The mean length and size of the elephant trunk were 7.5 ± 2.1 cm and 23 ± 2.2 cm, respectively.
In the PFL with DANE group, there were more intimal tears in the ascending aorta than in the other 2 groups. Thus, the ratio of those receiving replacement of the ascending aorta was greater in the PFL with DANE group. Intimal tears located in the ascending aorta or aortic arch were resected in all the patients (82 of 82), and total arch replacement and elephant trunk techniques were performed for those with intimal tears located in the descending aorta or with an unidentified intimal tear (11 of 11) . In PFL groups, preoperative FLs were completely patent through the descending aorta in all the patients. On the other hand, only 36% of patients (17 of 47) had completely PFL in the thrombosed FL group (P < 0.0001). Another 30 patients had partially thrombosed FL at the descending aorta. Those who required total arch replacement demonstrated complete PFL through descending aorta preoperatively in 92% of patients (34 of 37). On the other hand, the rate of patients who demonstrated complete PFL was 52% (29 of 56) in those who receiving hemiarch replacement (P < 0.0001). As a result, the rate of those who demonstrated thrombosed FL after hemiarch replacement was significantly higher than those of total arch replacement.
There were no significant differences among the groups with regard to incidences of dissection-related complication, including malperfusion. Preoperative data and operative procedures are presented in Table 2 .
Segmental aortic growth rates
A total of 493 CT images (mean of 5.3 images per patient) were analysed for segmental aortic growth rate and FL patency. The mean interval between the surgery and the latest CT examination was 55 ± 13 (range 13-111) months. The mean diameters within 2 weeks after repair were as follows: proximal descending aorta, 34 ± 4.1 mm; middle descending aorta, 30 ± 3.8 mm and distal descending aorta, 29 ± 4.2 mm, respectively. The mean segmental aortic growth rate per year for the proximal descending aorta, middle descending aorta and distal descending aorta was 0.16 ± 1.8 mm, 0.17 ± 1.3 mm, and 0.6 ± 1.3 mm, respectively. The aortic growth rate was significantly greater in the PFL with leakage group at all the segments. Segmental aortic growth data at each segment are shown in Fig. 1A -C. All patients in the thrombosed FL group showed no significant aortic enlargement. In contrast, some patients in the PFL group showed rapid aortic enlargement.
Thrombosis profile of patent false lumen
We analysed the thrombosis profile of the 2 PFL groups. In the PFL with DANE group, the FL was patent through the 
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descending aorta in all patients (19 of 19) . In the PFL without DANE group, 74% (20 of 27) of patients had PFL through the descending aorta, and FLs were patent distally in the remaining 7 patients. Thrombolized progression was evaluated by the thrombosis rate at the middle descending aorta. The FL thrombosis rate at the middle descending aorta for the PFL with DANE was 11% at 1 year and 33% at 3 years and for the PFL without DANE group was 45% at 1 year and 68% at 3 years (P = 0.019) (Fig. 2) .
Long-term survival
Sixteen patients died during the follow-up period. Causes of death included malignancy in 3 patients, pneumonia in 3 patients, cerebral haemorrhage in 3 patients, rupture of descending aorta in 2 patients, senility in 2 patients and cardiac failure in 1 patient. One cause of death was unknown. Actuarial survival for the PFL with DANE was 100% at 1 year and 92% at 5 years; for the PFL without DANE group was 93% at 1 year and 83% at 5 years and for the thrombosed FL group was 100% at 1 year and 92% at 5 years. Long-term survival between groups was similar and without significant difference (Fig. 3) .
Dissection-related event of distal aorta
Our criterion for reoperation on the distal aorta was an aortic diameter of more than 55 mm or rapid enlargement of more than 5 mm at the 6-month interval. During the follow-up period, 7 patients (8%) underwent late reoperations on the descending aorta. Two patients underwent replacement of the aortic arch, and 6 patients required TEVAR (4 patients with PFL with DANE and 2 patients with PFL without DANE). The proximal landing zones of TEVAR were the elephant trunk grafts after total arch replacement, and the FLs of the descending aorta were completely thrombosed in all the 6 patients. There were no perioperative deaths associated with reoperations. Two patients who had refused reoperation for residual lesions due to advanced age and progression of dementia died from rupture of the descending aorta. Two operations for pre-existing abdominal aneurysm were excluded from assessment of late reoperation on the distal aorta.
Freedom from dissection-related event of the distal aorta for the PFL with DANE group was 93% at 1 year and 66% at 5 years; for the PFL without DANE group was 93% at 1 year and 83% at 5 years and for the thrombosed FL group was 100% at 5 years (Fig. 4) . Univariate analysis revealed age, preoperative completely PFL, PFL with DANE and enlargement of the distal aorta more than 40 mm in size immediately after the surgery as covariates (P < 0.1). By multivariate Cox proportional hazards regression, risk factors for dissection-related aortic event in the distal aorta are preoperative completely PFL, PFL with DANE and enlargement of the distal aorta more than 40 mm in size immediately after the surgery (Table 3) .
Enlargement of distal aorta
We also analysed late distal aortic enlargement of more than 10 mm during follow-up. Freedom from enlargement of the distal aorta for the PFL with DANE group was 95% at 1 year and 62% at 5 years; for the PFL without DANE group was 89% at 1 year and 81% at 5 years and for the thrombosed FL group was 100% at 5 years (Fig. 5 ). There were no patients with enlargement of the distal aorta as well as dissection-related events in the thrombosed FL group.
DISCUSSION
Several risk factors for secondary dilatation of the distal aorta after acute type I aortic dissection repair have been described [1] [2] [3] [4] [5] . Among these, PFL is considered to be one of the most important risk factors of late aortic enlargement. Park et al. [1] reported that early postoperative PFLs were helpful in predicting unfavourable changes during later follow-up. Kimura et al. [2] reported that the residual PFL influences enlargement of the distal aorta after surgery. Similar findings were published for patients with type B acute aortic dissection [5] [6] [7] . Sueyoshi et al. [6] reported that the presence of blood flow in the FL was the only significant risk factor for enlargement of the aortic diameter in patients with type B aortic dissection. After the initial intervention for acute type I aortic dissection, the majority of patients had PFL in the downstream aorta even if the primary entry tear was resected [8] . The causes of PFL are related to DANE, re-entry of the distal aorta or unresected tear. In the present study, PFL caused by DANE was a risk factor for a dissection-related event.
In patients with a PFL with DANE, antegrade blood flows into the entire FL and may result in late dilatation of the FL. On the other hand, the descending aorta did not dilate in most of the patients who had a PFL without DANE. In these patients, patency of FL is caused by re-entry or an unresected tear in the distal aorta. Evangelista et al. [5] reported that a large entry tear located in the proximal part of the dissection is a predictor of late complications. Tsai et al. [9] reported that a covered proximal with stent graft in the presence of a distal tear was related to a significant decrease in systolic pressure in the FL in models of chronic type B aortic dissection. In the present study, 68% of patients with PFL without DANE demonstrated thrombosed FL in the middle descending aorta at 3 years after surgery. In the majority of patients, the locations of re-entry had been considered to be located more distally than the distal descending aorta, which could explain why it did not influence the late dilatation of the descending aorta. On the other hand, re-entry or unresected tears located in the distal arch or orifice of the cervical branch, especially after hemiarch replacement, which has similar haemodynamics to DANE in the FL, may be a risk factor for late dilatation.
It has been previously shown that mortality does not increase in patients in whom the initial tear was not resected [10] [11] [12] . However, Zierer et al. [13] reported that non-resection of the primary tear was an independent risk factor for late aortic dilatation. Our strategy for acute type I aortic dissection is 'tear-oriented surgery', using total arch replacement if the primary entry is located in the aortic arch. In this study, there were no non-resected entry tears located in the aortic arch, and for the patient who had a primary tear located deep in the distal arch or proximal descending aorta, the tear was covered by the elephant trunk technique.
To decrease the incidence of residual PFL, some authors recommend total arch replacement as an initial surgical treatment for acute type A aortic dissection [14] [15] [16] . Although we performed a relatively high percentage of total arch replacement (40%, 37 of 93), total arch replacement with elephant trunk technique did not prevent late distal aortic enlargement. Our aggressive application of total arch replacement in younger patients may influence this result, because age has been reported to be associated with residual PFL after initial surgery. Kimura et al. reported that age less than 70 years was an independent risk factor for residual PFL after surgery for acute type A aortic dissection. Also in patients with type B dissection, younger age was reported to be associated with late aortic enlargement [17, 18] . In the present study, although age was not a risk factor for late distal aortic reoperation and rupture in multivariate analysis, the mean age of the thrombosed FL group was 10 years older than the other 2 PFL groups. We also analysed the preoperative thrombosis profile of the FL at the descending aorta. The rate of those who demonstrated completely PFL was significantly higher than those who received hemiarch replacement, which may influence the thrombosis profile after surgery. Patients with preoperative partially thrombosed FL are considered to be more likely to demonstrate thrombosed FL after entry resection than in patients with preoperative completely PFL.
The prevention of DANE is the primary issue introduced by this research. Although we have focused on preventing DANE by intimal reinforcement of the distal anastomosis site using Teflon felt strips or elephant trunk grafts, DANE occurred in 20% (19 of 93) of patients. However, we cannot judge whether our technique has been effective, because we were unable to find any reports that argued this controversial issue.
Use of the frozen elephant trunk technique is considered to be an effective solution to prevent DANE. In Japan, commercially frozen elephant trunk grafts were not available until 2014. Thus, the effect of frozen elephant trunk on DANE will be the next subject of our research. Consequently, we used elephant trunk grafts as the proximal landing zone for TEVAR as a second therapeutic intervention when necessary. This procedure has been used for hybrid repair for aortic arch aneurysms [19, 20] . We performed second-stage TEVAR with elephant trunk grafts in 4 patients, which effectively covered the DANE. Not only thrombosis of the enlarged FL achieved but also the FL shrunk in all of 4 patients. On the other hand, for patients with late aortic dilatation after hemiarch replacement, second-stage TEVAR may be technically challenging to perform, especially in those who had PFL with DANE. Therefore, an open reoperation, including total arch replacement via the left thoracotomy, successfully performed once for another case with distal FL dilatation after hemiarch replacement, is considered to be a preferred strategy to treat DANE.
Limitations
This study has several limitations, the first being that the study population was small. This was a retrospectively conducted study using a single-centre cohort. The second limitation is the accuracy of DANE. Although we diagnosed the leakage when continuity between distal suture line and distal FL was demonstrated by a 64-slice CT, use of more precise multi-slice CT or transoesophageal echocardiography could have detected minor leakage. However, routine use of these modalities after surgery in all the patients is not practicable. We do, though, regard the accuracy of diagnosis using a 64-slice CT to be basically a reliable imaging modality, because FL just distal to the anastomotic suture line had not been enhanced in most of the cases, and the CT could not detect continuity between the suture line and the distal FL.
CONCLUSIONS
PFL caused by distal anastomotic new entry after acute type I aortic dissection repair showed a greater aortic growth rate of the descending aorta, and it was one of the significant risk factors for distal aortic events.
SUPPLEMENTARY MATERIAL
Supplementary material is available at EJCTS online.
Conflict of interest: none declared. 
